Propionibacterium acnes (oral and/or parenteral administration) had a modulating effect on antibody-and cell-mediated immune responses of germfree (GF) and monoassociated (MA) rats. In conventionally reared rodents, parenteral injection of killed P. acnes stimulated the splenic plaque-forming cell response to sheep erythrocytes. However, in GF rats and in rats monoassociated with viable P. acnes, parenteral injection of killed P. acnes antigen inhibited the plaqueforming cell response to sheep erythrocytes. When compared with the responses of GF control rats, splenocytes from GF rats parenterally injected with P. acnes antigen had a decreased in vitro blastogenic response to phytohemagglutinin and concanavalin A and an increased blastogenic response to homologous bacterial antigens. Conversely, a parenteral injection of P. acnes antigen into P. acnes MA rats resulted in an increased spienocyte blastogenic response to phytohemagglutinin and concanavalin A but not to homologous (P. acnes) antigens. Thus the presence or absence of intestinal antigenic stimuli (in MA and GF rats) had a modulating effect on the immune response to a parenteral injection of P. acnes antigen.
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The ability to alter the immune response of the host by antigen feeding is a relatively untapped area of medical research. In studying the immune responses of germfree (GF) rats that had been monoassociated (MA) (orally) with viable bacteria, we noted different immune responses in GF, MA, and conventionally reared (CONV) animals (C. L. Wells, E. Balish, and C. E. Yale, Abstr. Annu. Meet. Am. Soc. Microbiol. 1977, B19, p. 18). Other investigators have shown that oral administration of various antigens can stimulate the immune response with substantial specificity (6, 15, 16) and little immunological memory (1, 9, 16) . These findings indicated that the population ofviable intestinal bacteria might be manipulated to the immunological advantage or disadvantage of the host. Available information indicates that antigen feeding can result in either positive stimulation of the immune response (7, 9, 13, 24) or in a state of hyporesponsiveness to the ingested antigen (1, 3, 6, 15, 16, 31, 33) . Speculations on the causes of this hyporesponsiveness include the formation of secretory immunogloblulins at mucosal surfaces which interfere with antigen uptake (33) , the formation of serum antigen-antibody complexes which inhibit the activity of B-lymphocytes (1), or the production of T-or B-suppressor cells, or both, which block cellular responses (3, 16, 31) .
Although monoassociation of GF animals is an artificial situation, the model can be used to study the effect of a population of intestinal bacteria on the immune responses of the host.
We chose Propionibacterium acnes as a test organism in this system for the following reasons: (i) This bacterium is a member of the normal flora of the human skin and gastrointestinal tract (8) and it can colonize the intestinal tract of GF rats. (ii) Parenteral injection of killed P. acnes has been widely used as an immunological adjuvant (5) and in cancer immunotherapy (20, 26, 30) (17) .
Enumeration of PFC. The plaque-forming cells (PFC) were enumerated by using a slide modification of the Jerne plaque assay (21) . Complement for this assay was derived from pooled guinea pig serum that had been absorbed extensively with SRBC, frozen in 10-ml portions at -400C, thawed, and then diluted 1: 18 immediately before use. Rat immunoglobulin G (IgG) was prepared from the serum of CONV rats by an Na2SO4 precipitation (11) , and this preparation was injected periodically into a rabbit. The rabbit anti-rat IgG (the facilitating antiserum for indirect plaques) was extensively absorbed with SRBC and with rat erythrocytes, had a 1:32 titer of contaminating antibody, and was used at a predetermined optimal dilution of 1:1,000.
Inoculation of CONV rodents. The adjuvant potential of our P. acnes isolate was determined by an accepted method (34) . Specifically, groups of CONV rodents were inoculated intravenously on day 0 with either saline (0.2 ml) or P. acnes antigen (0.7 mg in 0.2 ml) and on day 7 with an intravenous injection of either saline (0.1 ml) or SRBC (108 in 0.1 ml). Direct PFC were enumerated on day 12 (5 days after SRBC injection).
Inoculation of GF and MA rats. GF rats and rats that had been monoassociated for 5 weeks with viable P. acnes were inoculated intraperitoneally on day 0 with either saline (0.4 ml) or P. acnes antigen (4 mg in 0.4 ml) and on day 8 with an intraperitoneal injection of either saline (0.5 ml) or SRBC (0.5 ml of a 10% suspension). Direct and indirect PFC from GF rats were enumerated on day 13 (5 days after SRBC injection); direct and indirect PFC from MA rats were enumerated on days 13 Effect of parenteral P. acne on the direct and indirect PFC response to SRBC in the spleens of GF rats. Germfree rats had a negligible background PFC response to SRBC that was not significantly altered by a parenteral P. acnes injection ( Table 2 ). The substantial increase in the numbers of splenic PFC indicated that germfree rats could respond to an injection of SRBC (Table 2 ). An i.p. injection of GF rats with P. acnes 8 days before the injection of SRBC caused about a 50% reduction in the direct and indirect PFC enumerated on day 13, i.e., 5 days postinoculation with SRBC. Since assays were performed 5 days after SRBC injection, we would not expect to detect igcant numbers of IgG-forming cells (23) . The decreased response in indirect compared with direct PFC ( 26, 1979 on September 28, 2017 by guest http://iai.asm.org/ dDecreased from group 4, P < 0.01.
( As seen from the data in Table 4 , P. acnes antigenation (parenterally) of GF rats decreased their splenocyte blastogenic response to PHA and ConA. Conversely, the same injection of P. acnes MA rats increased their blastogenic response to ConA and PHA. Injection of P. acnes antigen resulted in the formation of specifically sensitized lymphocytes in germfree rats but not in gnotobiotic rats that were colonized with P.
acnes.
DISCUSSION
Our results with GF rats indicated that experience with a conventional microbial flora was not prerequisite for the formation ofsplenic PFC in response to SRBC injection, but this experience was necessary to achieve the immunostimulatory effects of P. acnes; i.e., parenteral P. acnes caused a twofold decrease in PFC response of GF rats to SRBC.
The PFC assays with P. acnes MA rats also indicated that a complex microflora was not necessary for the rats to respond to an SRBC injection. In P. acnes MA rats, however, parenteral P. acnes injection caused a fourfold decrease in the splenic PFC response to SRBC. This decrease was even greater than the decrease observed under similar conditions with GF counterparts. This observation does not agree with speculations, based on work in CONV animals (27, 29, 32) , stating that the immunopotentiating effects of P. acnes may depend on prior exposure to cross-reacting bacterial antigens that have been shown to exist in animals and humans (35) . The lack of antigenic stimulation and suppressive effects in GF mice may be due to a deficiency in populations of activated macrophages. However, MA rats were heavily colonized with a recognized macrophage activator (P. acnes), and the suppression of PFC response in MA rats was even greater than that observed in GF rats. The lack of substantial numbers of indirect PFC 15 days after SRBC injection demonstrated that MA rats did not possess IgG PFC at a time when one would expect these PFC to be present (23) , indicating that perhaps the P. acnes MA rats were incapable of normal B-cell ontogeny (18) .
At this time, we wish to call attention to the fact that our PFC assays utilized gnotobiotic rats and CONV mice. We originally used CONV rats for PFC assays and observed that a parenteral injection of CONV rats with P. acnes had an adjuvant effect on the number of PFC formed in response to a subsequent SRBC injection. (4) , is also consistent with the work of Scott, MacDonald, and Carter (28) , who noted that parenteral P. acnes induced a suppressive effect on a delayed-type hypersensitivity response (footpad swelling) in GF and CONV mice. Thus, as seen with GF rats, experience with the normal microflora was not necessary for parenteral P. acnes to inhibit the in vitro spleen cell response to PHA or to stimulate a population of lymphocytes to divide upon subsequent in vitro exposure to the homologous (P. acnes) antigen.
The finding that P. acnes, when injected into GF rats, decreased the splenocyte response to PHA and ConA but not to PWM could be explained by the observations that P. acnes has an immunostimulatory effect on B-lymphocytes and an inhibitory effect on T-lymphocytes (5). Since PHA and ConA are primarily T-cell mitogens, whereas PWM is a mixed B-and T-cell mitogen (10), parenteral injection with P. acnes could decrease the PHA and ConA responses and have no effect on the PWM response. An example of the different immune responses that can be obtained by parenteral injection of killed organisms or by oral colonization was the observation that splenocytes from MA rats (viable P. acnes) had a decreased response to PWM, whereas GF rats that were parenterally injected with P. acnes (dead antigen) had an enhanced response to PWM.
Compared to the GF rat splenocytes, oral colonization with viable P. acnes decreased the splenocyte response to polyclonal mitogens. However, in contrast to our work in GF rats and to the work of Bash (4) in CONV rats, parenteral P. acnes stimulated the PHA and ConA responses of MA rats. Also, colonization of rats with P. acnes prevented the positive blastogenic responses to homologous antigen preparations that were observed after a parenteral injection of this antigen into GF rats; i.e., MA rats were hyporesponsive to homologous antigen preparation. Thus, in MA rats, parenteral P. acnes had an adjuvant effect on T-lymphocytes without a concurrent increase in their cellular responses to homologous P. acnes antigen. Bash (4) suggested that dissociation of the immunopotentiating properties from the T-cell-inhibiting properties might increase the efficacy of P. acnes in antitumor therapy. Perhaps oral feeding of viable P. acnes could block some of the T-cell-inhibiting properties of parenteral P. acnes and enhance the antitumor effect.
This work demonstrated that oral colonization with a pure culture of P. acnes can modulate the immune response of the host.
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